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S'-Hvdroaenphosphonat es and 5 ' »Methvl/phosphonates of Sugar 
M0<aifAed Nucleosides. Compositions and Us e s Thereof 

The invention described herein was made in the course of 
5 work iinder Grant Nos. CA-08748 and AI-26056 from the 
National Cancer Institute, National Institutes of Health, 
U.S. Department of Health aoid Human Services. 

Background Of The Invention 

10 The only clinically available agent for the treatment of 
acquired immune deficiency syndrome (AIDS) in the United 
States is 3*-azido-3*-deoxythymidine (AZT) . [Mitsuya et 
al., Proc. Nat Acad. Sci., USA, 1985 SI, 7096] Several 
2 • , 3 • -dideoxynucleosides are also reported [Mitsuya et al . , 

1^ Proc. Nat. Acad. Sci., USA^ 1986, 83, 1911] as active 
against human immune deficiency virus (HIV) « the responsible 
pathogen that causes AIDS. These nucleosides are converted 
into their corresponding 5 * -mono-nucleotides by the action 
of cellular nucleoside kinase (s) followed by stepwise 

20 phosphorylation catalyzed by cellular nucleotide kinases to 
their corresponding 5 '-triphosphates. These nucleoside 5'- 
triphosphates inhibit proviral DNA synthesis catalyzed by 
HIV reverse transcriptase (RT) by incorporation to the 3* 
position of the growing DNA terminal, 

25 

Many nucleosides are poor substrates for deoxynucleoside 
klnase(8) due to rather restricted strujctural requirement of 
the enzyme (s) . Conversion of the 5 '-monophosphate of these 
nucleosides into their corresponding 5 ■ -triphosphates 
30 usually occurs readily in the cell. Nucleoside-5 ' - 
monophosphates cannot be used for treatment of AIDS, because 
they can hardly penetrate the cell membrane due to strong 
acidic nature. Nucleoside-5 *-hydrogenphosphonates, weak 
acidic compounds, however, may penetrate cell membrane and 

35 
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stay be oxidized to their corresponding phosphates and then 
further converted into the corresponding triphosphates in 
the cell, or the 5 * •hydrogen-phosphonates may serve as 
substrates for nucleotide kinases forming the triphosphate 
analogues, pyrophosphorylhydrogenphosphonates, which then 
5 inhibit the viral DNA synthesis catalyzed by the reverse 
transcriptase . 



10 




20 



25 



30 



35 
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Summary Of The Invention 

The present invention provides a compound having the 
structure: 

z 

.iV" M ■ 

is hydrogen, halogen, an azido, an amino or an 
IS alkyl group, of one to foiir carbons, 

R^ is hydrogen, halogen, an azido, an aaino @r an 

alkyl group of one to four carbons, 
R* is hydrogen or an alkyl group of one to four 
carbons, 

20 X is a hydroxy, a thiol, or an amino group, 

Y is hydrogen, a halogen or an alkyl group of one 

to four carbons, and 
Z is a hydrogen, a hydroxy, or an amino groupi. 



10 

wherein R is 



30 



35 



wo 91/15727 



-4- 



PCrAJS91/04362 



The present invention also provides a compound having the 
structure: 




carbons, 

X is a hydroxy, a thiol, or an amino group, 
Y is hydrogen, a halogen or an all^l group of one 
•55 to four carbons, and 1;; 

2 is . a hydrogen^ , a hydroxy; or ami^o group. 



20 



25 



30 



35 
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10 



20 



25 



30 



Further, the present invention provides a coaipound having 
the structure: 



III 



is hydrogen or an alkyl group of one to four 
^ . ■ ■■ ....-carbons, 

X is a hydroiiy.,, a thiol, or an asaino grcnip/ 
Y is hydrogen, a halogen or an alkyl group of one 

to four caurbons, and 
Z is a hydrogen, a hydroacy, or an amino group. 



35 
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The present invention provides a compoxind having the 
structure: 



•h0 



10 



R1 
X 



i X is a hydroxy, a thiol, or an amino group, 

Y is hydrbgen, a halogen or . an allq^l group of one 
to four cairbons, 

y 15 . is hydrogen, halogen, .fu& azido, an amino or an 

"S^iv-v: ~-,.-v-v- - • aii^i. ■ group- af. e»ia-. to^^:^p^!r^ 

1^ . is hydrogen, halogen, an azido, an amino or an 

I alkYl group of one ta four carbons, and 

R is hydrogen or an alkyl group of one to four 
:^ 20 carbons. 

Also, the invention provides a qonpound having the 
structure: 

25 X 



30 



0 O'^" 



35 



X is a hydroxy, a thiol, or an amino group, 
Y is hydrogen, a halogen or an all^l group of one 
to four carbons. 
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is hydrogen, halogen, an azido, an euaino or an 

alkyl group of one to four carbons, 
is hydrogen, halogen, an azido, an amino or an 
alkyl group of one to four carbons, and 
R is hydrogen or an all^l group of one to four 
5 carbons . 

Further, the invention provides a compound having the 
structure: 




Y " X is a hydr63cy, a thiol, or ah amino group, 

^ is hydrogen, a halogen or an alkyl group of one 
20 to four carbons, 

is hydrogen, halogen, an azido, an amino or an 
alkyl group of one to four carbons, 
R* is hydrogen, halogen, an azido, an amino or an 
alkyl group of one to four carbons, and 
25 R is hydrogen or an alkyl group of one to four 

carbons. 



30 The present invention also provides pharmaceutical 
compositions con^rising a pharmaceutical ly effective amount 
of a compound according to the subject invention and a 
pharmaceutically acceptable carrier* Finally, the invention 
provides methods for treating viral infections. 



35 
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Detailed Description Of The Invention 

The present invention provides a compound having the 
structure: 



5 



,0 

3 N 

R-r 



10 Rl 



J5 \wh«reia R i» 




20 



25 



"S} is hydrogen, halogen, em. azido, an emino or an 
siUsyl group of one to four carbons, 

is hydrogen, halogen, an azido, an amino or an 
al]^l group of one to four carbons, 

is hydrogen or em alltyl group of one to four 
caurbons, 

X is a hydroxy, a thiol, or an amino group, 

Y is hydrogen, a halogen or em .allqrl group of one 

to four carbons, and 
Z is. a hydrogen, a hydroxy, or an amino group. 



30 



35 
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The present invention also provides a compound having the 
structure; 




is hydrogen or an all^l group of one to four 
carbons, 

X is a hydroxy, a thiol, or an ainino group , 
15. ^- X is hydrogen, at- halogen or a^'allcyl group of oiiie 

f t© four carbons, and 

1 Z is hydrogen, a hydroxy, or an amino group. 

|Further, the present invention . provides a craipound having 
20 ^ the structure: 



25 



30 




is hydrogen, halogen, an azido, an amino or an 
alkyl group of one to four carbons, 
35 is hydrogen, halogen, an azido, an amino or an 
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alkyl group of one to four carbons, 
is hydrogen or an alkyl group of one to four 
carbons, 

X is a hydroxy, a thiol, or an amino group, 

Y is hydrogen, a halogen or an alkyl group of one 

to four carbons, and 
Z is a hydrogen, hydroxy, or an amino group. 

The present invention also provides a compound of structxires 
I, XI or III wherein R is: v 



10 



: . Wherein X is a. hydroxy^, a thiol, or an amino 

Y is hyd^-pgenv :;:haiS-ogeii ©e an alkyl 
group of ; one to four carbons. 



20 



25 



30 



35 
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The present invention provides a compound having the 
structure : X 



5 




10 



X is a hydroxy, a thiol, or an amino group, 
Y is hydrogen, a halogen or an alkyl group of one 
to four carbons, 
is- hydrogen; halogen, an aL^idb, ah amino or ani 
u . vyJ. ai]gyi g£>oup of one to four tfariions/ 

is hydrogen, halogen, eui azido, an amino or an 
alkyl group of one to four carbons, and 
R is hydrogen or an alkyl group of one to four 
^ carbons. 



25 



Also, the invention provides a compound having the 
structure: 



X 

N 

o' 



30 



35 



X is a hydroxy, a thiol, or an amino group, 
Y is hydrogen, a halogen or an all^l group of one 
to four carbons. 



wo 91/19727 



-12- 



PCr/US91/04362 



is hydrogen, halogen, an azido, an amino or an 
alkyl group of one to four carbons, 
R? is hydrogen, halogen, an azido, an amino or an 

alkyl group of one to four carbons, and 
R is hydrogen or an alkyl group of one to four 
5 carbons. 



Further, the invention provides a compound having the 
structure: 

X 




• X is a hydroxy, a thiol, or am amino group, 

y is hydrogen, a halogen or an alkyl group of one 
20 to four carbons, 

R^ is hydrogen, halogen, an azido, an amino or an 

alkyl group of one to fotir carbons, 
R^ is hydrogen, halogen, an azido, an amino or an 
al]qrl group of one to four carbons, and 
25 R is hydrogen or an alkyl group of one to four 

carbons. 



Compounds of structures I, II or III may be used to suppress 
30 viral replication and treat infection. 

The following compounds are examples of compounds useful in 
accordance with the present invention: 

1- ( 2 , 3-Dideoxy-5 • -0-hydroqenphosphonvl-fl-D- alveerQ- 
35 pentofuranosyl) cytosine. 
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1- ( 2 , 3 -Dideoxy-5 ' -^-hydrogenphosphonvl-B-D- alvcero - 

pentofuranosyl) thymine, 
1- ( 2 , 3 -Dideoxy-5 ' -0-hydrogenpfaosphonvl-B-D- alvcerQ - 

pentofuranosyl) uracil, 

1- (2 , 3 -Dideoxy-5 • -0-hydrogenphosphonyl-fi-D-lyxof uranosyl) -5- 
5 fluorouracil , 

1- (2 , 3-Anhydro-5 » -o-hydrogex^hosphonyl-fi-D-lyxof uranosyl) -5- 
fluorouracil , 

1- (3-Azido-2 , 3-dideoxy-5 » -0-hydroqenPhosphonvl»B-D -ervthro - 
pentofuranosyl) thymine, 
10 1- (3-A2ido-2 c 3«dideoxy-5 • "0»hydroqenphosphonvl»B-D -ervthro- 
pentof uranosyl) uracil, 
1- (3-Azido-2 , 3-dideojcy-5 • -0-hydroaenphosphonvl-B-D -ervthro - 

pentof uranosyl) ^tosine, 
1- (2 , 3-Dideoxy-3-f luoro-5 • -0-hvdrogenphosnhonvl-fl-D -ervthro- 
415 pentofuranosyl) thymin^^ \. . . , 

I ^"^^ ' 3-Dideoxy-3-f l«oro-5 • -0°hydroqenphosbhonvl-fi-^D -ervthro - 
f pentofuranosyl) uracil, 

1- (2 , 3-Dideoxy-3-f luoro-5 » -0-hydrogenphosphonvl-B-D -ervthro- 
pentofuranosyl) eytosine, 
*20 1- (2 , 3-Dideoxy-2-f luo&;^5 • -0-hydrogenPhosphonvl-B-D -threo - 
pentofuranosyl) thymine, 
1- (2 , 3-Dideo3cy-2-£luoro-5 » -0-hydrogenphosphonvl-B-D -threo - 

pentof uranosyl) uracil, 
1- (2 , 3-Dideoxy-2-f luoro^S » -O-hydrogenphosphonyl-B- D - 
25 tia^r pentofuremosyl) cytosine, 

1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -0-hydrogenphosphonyl-B-D- 

arabinofuranosyl) thymine, 
1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 » -O-hydrogenphosphonyl-fi-D- 
arabinofuranosyl) uracil, 
30 1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -0-hydrogenphosphonyl-B-D- 
arabinof uranosyl) cytosine, 
1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -O-hydrogenphosphonyl-B-D- 
arabinof uranosyl) -5-fluorouracil . 

35 The following compounds are still further examples of 
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compoxinds of the present invention: 

1- (2 , 3-Dideoxy-2 , 3-didehydro-5 • -O-hydrogen-phosphonyl-6-D- 

alvcero-pentof uranosyl ) cytosine, 
1- (2 , 3-Dideoxy-2 , 3-didehydro-5 ' -O-hydrogen-phosphonyl-6-D- 

alvcero-pentof uiranosyi ) thymine, 
5 1- (2 , 3-Dideoxy-2 , 3-didehydro-5 • -O-hydrogen-phosphonyl-6-D- 

alvcero -pentofuranosyl ) uracil , 
1- (2 , 3-Anhydro-5 ' -0-hydrogenphosphonyl-B-D-lyxof uranosyl) 

cytosine, 

1- (2 , 3-Anhydro-5 ' -O-hydrogenphosphonyl-B-^D-lyxof uranosyl) 
to thymine, 

1^ (2 , 3-Anhydro-5 ' -0-hydrogenphosphonyl>-fi-D-lyxof uranosyl) 



1- (2 , 3-Dideoxy-5 • -O-methylphosphonvl-B-D- alveero- 



pentof uranosyl) uracil, 

1- (2 , 3-Dideoxy-5 • -O-methylphosphonyl-fi-D-lyxof uranosyl) -5- 
20 fluorouracil, 

1- (3-Azido-2 , 3-dideoxy-5 • -O-methylphosphonvl-B-D -ervthro - 

pento£uranosyl) thymine, 
1- ( 3-A2ido-2 , 3-dideo3V-5 • -0-methvlphosphonvl-B-D -ervthro- 
pentof uranosyl) uracil, 
25 1- (3-Aaido-2 , 3-dideoxy-5 • -0-aethylphosphonvl-B-D- ervthro - 
pentofuranosyl) cytosine, 
1- (2 , 3-Dideoxy-3-f luoro-5 • -0-methvlphosphonvl-fl-D -ervthrQ- 

pentofiuranosyl) thymine, 
1- ( 2 , 3-Dideoxy-3-f luoro-5 • -O-methvlphosphonvl-fl-D -ervthro - 
30 pento£uranosyl) uracil, 

l-(2 , 3-Dideoxy-3-f luoro-5 * »0-methvlphosphonvl-fl-D -ervthrQ - 

pentofuranosyl) cytosine, 
l-(2 , 3-Dideoxy-3-f luoro-5 • -0-methylphosphonvl-B-D -threo - 
pentof uranosyl) thymine, 
35 1- ( 2 , 3-Dideoxy-3-f luoro-5 • -O-methvlphosphonvl-B-D- threo- 



uracil . 




f. pentof uranosyl) cytosine, 

^15 l-,(2 , 3-Dideoxy-5 » - 0-methyl pho sph onv 1 - B- D- olvce r b - 

|;7.;;^;- vc- Pe^^o^anpsyi) thymine,... .••^•v..,;:;,.;,-. .• 
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pentofuranosyi) uracil, 

l-(2 3.Dldeoxy.3.fluoro-5-o-„ethylphospho„yl-B-D.threo. 
pentofuranosyi) cytosine, 

1- (3-A2ido-2 , 3-<aideoxy-2-f luoro-5 • u V 

a7-ahi««* '■■".uoro 5 -o-methyl-phosphonyl-fl-D- 

arabmofuranosyl) thymine, 

5 l-(3-Azido-2,3-dideoxy-2.fluoro-5'-o-me*.h^i «k w 

arabinofuranosylT uracU "^^^^^-P^-P^^^nyl-B-D- 

arabinofuranosyl) cytosine, 
10 '"''"arab^^^^^^ 

10 *"*>inof«ranosyl)-5-fluorouracil. 

l-(2 3.Dideoxy-2,3.didehydro-5.-o.»ethyl-phosphonyl-B.D. 
aiXSSSEa-pentofuranosyl) cytosine P * D 

l'(2 3-Dideoxy.2 , S-didehydro-s • -O-meWl-phosphonyl-fl-o- 
alXSfiia-pentofuranosyl) thymine 

l-(2.3^l^ydro-S.-0-.et..ylp.o.pho„n-6-D-Xyxo,„ra„o.yl, 
a pharaaceutically acceptable carrier. 

! 

.»;„! standard phat»a«„tical carrlars such a, starile 
solutions, tablets, coated tablets ««, capsules ^icLi" 

sCTJta"' tr"" 

ugar, certaxn types of clay, gelatin, steric acid tai« 
35 vegetable ,ats „ oUs. ^, ,.,ccX., or o^' i^^^^l 
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excipients. Such carriers may also include flavor and color 
additives or other ingredients. Compositions comprising such 
carriers are formulated by well known conventional methods. 
However, the compositions comprising the compound of 
structures I, ii or III or a metal salt thereof, are 
5 previously unknown. 

This invention further concerns a method of treating a viral 
infection so as to render the infection incapable of viral 
replication which comprises contacting the viral infection 
10 with an effective amount of a compound of structure I, II or 
III. 

The amoimt of the compound recpiired will vary considerably 
p depending upon condition8i. HjQweyer, these amounts are 

•t'- '~v^x^.' ■ -. ' 

I ... .Additionally, this invention ;provides a method of treating 
a viral infection which comprises contacting the viral 
infection with an effective amount of the pharmaceutical 
•,20 composition described above, i.e. l to 200 mg/kg of body 
weight of a subject. 

This invention also provides a method of treating a subject 
which comprises administering to the subject an effective 
25 amount of the pharmaceutical composition described above. 

In this method, the administration of the compound may be 
effected by any of the well known methods, including but not 
limited to oral, intravenous, intramuscular, and 
30 subcutaneous. The method of delivery, the amount to be and 
the frequency of delivery, are expected to vary according to 
the situation, the carrier used, and result desired. 
However, those variables are readily determinable by one 
skilled in the art. 
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The term "subject" includes but is not limited to domestic 
animals and hiunan beings. 

This invention further provides a method of treating a 
subject having a viral infection which comprises 
5 administering to the subject an effective amount of the 
compound to suppress the viral replication. A subject may 
be any warm-blooded animal , preferably human. The viral 
infection may be any viral infection, including but not 
limited to human immunodeficiency virus, hepititis virus or 
10 cytomegalo virus* 

The following Experimental Detail Section and Examples are 
set forth to aid in an understanding of the invention. 
f. These sections are not intended to, aind should not be 

fts- <«?nstEued 4^ any way the invention sfet forth in 

: ;|. .,<.:thf;.cla;i]r^ 



2D 



25 



30 



35 
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Experimental nif>^^^« 

gYNTHgglS OF NUCT,EOSIDE-5'-HVnP OGENPHOSPHQNATT!S , TO a 

solution of nucleoside (0.2 amol) in a solvent (2 mL) are 
5 added 0.6 M solution of phosphorous acid tri-n-butylanunonium 
salt in pyridine (0.5 mL) and N,N'-dicyclohexyl-carbodiiinide 
(0.6 mniol). The mixture is stirred at room temperature. 
The reaction is monitored by thin layer chromatography on a 
silica gel plate using isopropanol : 25% ammonium hydroxide 

10 : water (7:1:2 v/v) (system 1) as the solvent. After all 
the nucleoside is consumed, the mixture is centrifuged for 
10 minutes. The supernatant is removed by decantation. The 
solid is twice washed with water. The product is isolated 

5 by preparative layer chromatography on a silica gelr plates 
...15.;.; !J^.4^S;' syst®?;.!?-.-. ^. r i ■; r . " 

gYWTHEgIS OF NTTriJOSiDB»s»-MffrH¥i^fiPtmMiL^Kfi To a 
solution of nucleoside in a solvent mixture are added at 0 
•C successively dichloro-methylphosphoryl oxide and 1,2,4- 

20 tetrazole. The mixture is stirred at 0 'C for 1 hour and 
then at room temperature. After completion of the reaction 
as judged by thin layer chromatography on a silica gel plate 
in system 1, the mixture is cooled to o 'C, and the reaction 
is quenched by addition of triethylamine and water. The 

25 mixture is stirred for 2 hours at 4 'C, and then is 
concentrated in vacuo. The nucleoside-5» -methyl- 
phosphonates are isolated by preparative layer 
chromatography on silica gel plates using system 1. 

30 The following exanqples are illustrated of the process and 
products of the present invention, but are not to be 
construed as limiting. 



35 
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Example 1 

To a solution 3 '-azido-d *-deoxythyinidine (53 mg, 0.2 mmol) 
in pyridine (2 aiL) are added 0.6 H solution of phosphorous 
5 acid tri-n-butylammoniua salt in pyridine (0.5 mL) and M,N»- 
dicyclohexyl-carbodiimide (125 mg, 0.6 mmol). The mixture 
is stirred for 4 hours at room tenqperature, and then is 
centrifuged for 10 minutes. The supernatant is removed by 
decantation. The solid is twice washed by dispersion, in 
10 water (1 mL each) followed by centrifugation. The combined 
supematants are concentrated to dryness in vaeuo . The 
residue is dissolved in a minimal amount of pyridine and 
applied to a silica gel plate (20 x 20 x 0.15 cm), and the 
plate is developed in system 1. The DV absorbing band 
' ~15 ' coi^esponding to the nucieoside-5>"-phosph6nate is scripedi 
V^and then extracted with system 1 (30 mL).. The solvent is 
' T ' reiioved by evaporation in vacuo, ' and the residue is 
reevaporated with water (2 mL) . The residue is dried 
^ azeotropically by evaporation with ethanol (2 mL x 2) in 
20 vacuo. l-(3-azido-3-deoxy-5-0-'hydrogen-phosphonyl-fi-D- 
grvthro-pentofuranosyl) thymine (58 mg, 84% yield) is 
obtained as colorless foam. 

By following the same procedure but using the corresponding 
25 nucleosides instead of 3 *-azido-3 '-deoxythymidine, the 
following nucleoside-5 ' -hydrogenphosphonates are prepared: 
1- ( 2 , 3 -Dideoxy-5 • -0-hydroaenphosphonvl-fl-D- alvGero- 

pentofuranosyl) cytosine, 
1- ( 2 , 3 -Dideoxy-5 • -0-hydroaenphosphonvl-fl-D- alveerQ» 
30 pentofuranosyl) thymine, 

1- ( 2 , 3 -Dideoxy-5 ' -0-hydroqenphosphonvl-B-D- aj.vcerQ- 

pentof uranosyl ) uracil , 
1- (2 , 3-Dideoxy-5 • -0-hydrogenphosphonyl-fi-D-lyxof uranosyl) -5- 
f luorouracil , 

35 1- (2 , 3-Anhydro-5 • <-0-hydrogenphosphonyl-fi-D-lyxof uranosyl) -5- 
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f luorouracil , 

1- (3-A2ido-2 , 3-dideoxy-5 • -O-hydrogenphosphonvl-B-D -ervthro- 

pentofuranosyl) thymine, 
1- (3-Azido-2 , 3-dideoxy-5 • -0-hydrogenphosphonvl-B-D -ervthro- 

pentofuranosyl ) uracil , 
5 1- (3-A2ido-2 , 3-dideoxy-5 ' -O-hydrogenphosphonvl-B-D -ervthro - 

pentofuranosyl) cytosine, 
1- (2 , 3-Dideoxy-3-f luoro-5 ' -O-hydroqenphosphonvl-fi-D-er yfeh^y - 

pentofuranosyl) thymine, 
1- (2 , 3-Dideoxy-3-f luoro-5 • -O-hydrogenphosphonyl-B-D-saJJiEa- 
10 pentofurahosyl) uracil, 

1- (2, 3-Dideoxy-3-f luoro-5 '-0-hydrogenphosphonvl-B-D -ervthro- 
pentofuranosyl) cytosine, 

1- (2 , 3-Dideoxy-2-f luoro-5 • -O-hydrogenphosphonvl-B-D -threo- 
I pentofuranosyl) thymine, 

; . /; (2v 3- « ~^'^^y!$F?9^^<>S|»h9nyl<-'B-D«>j;:^2i:^r 

PSK^^^i^esyi)' .'ttracil,. ,.. ^. ■ - . . 

i l-(i,3-Dideoxy-2-^fluorb-5»-0-hydrogenpho8phonyl-B- D - 
thr?9- pentofuranosyl) cytosine, 

I l-(3-Azido-2,3-dideoxy-2-f luoro-5 •-0-hydrogenphosphonyl-fl-D- 
o20 arabinofuranosyl) thymine, 

1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -0-hydrogenphosphonyl-B-D- 

arabinofuranosyl) uracil, 
1- ( 3-A2ido-2 , 3-dideoxy-2-£luoro-S • -0-hydrogenphosphonyl-B-D- 

area>inofurano8yl) ajftosine, 
25 1- (3-Azido-2 , 3-dideo3cy-2-f luoro-5 • -0-hydrogenphosphonyl-B-D- 

arabinofuranosyl ) -5-f luorouracil . 

Example 2 

30 To a solution of 1- (2 , 3-Dideoxy-2 , 3-didehvdro-B-D- alveerQ- . 
pentofuranosyl) thymine (45 mg, 0.2 mmol) in 
trimethylphosphate (2 mL)) are added 0.6 M solution of 
phosphorous acid tri-n-butyl-ammonium salt in pyridine (0.5 
aL) and N,N'-dicyclohexyl carbodimide (125 mg, 0.6 mmol) . 

35 The mixture is stirred for 8 hours at room temperature, and 
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then is centrifuged for 10 minutes. The supernatant is 
removed by decantation. The solid is twice washed by 
dispersion in water (1 mL each) followed by centrifugation. 
The combined supernatants are concentrated to dryness in 
YaSMS* The residue is dissolved in a minimal amoun*^ of 
5 pyridine and applied to a silica gel plate (20 x 20 x 0.15 
cm) , and the plate is developed in system 1. The UV 
absorbing band corresponding to the nucleoside-5*- 
phosphonate is scraped, and then extracted with system 1 (30 
mL). The solvent is removed by evaporation in vacuo, and 
10 the residue is reevaporated with' water (2 mL) . The residue 
is dried azeotropically be evaporation with ethanol (2 mL x 
2) in vacuo. l-(2,3-Dideoxy-2,3-didehydro-5-0- 
hydroqenphosphonyl-B-D -alvcero- pentQfur'anQayi) thymine (25 
mg, 42% yield) is obtained as colorless foam. . 

• ||-'/;^: ?y-;?®ll<*^in9 the. same procedure^'Xn2t^;^i^cr'the corresponding 
||> mcleosides instead- of l-(2,3,-wiebkyi2ii-didehydro-B-^ 
;p jalxsSEfi-pentof uranosyl) thyminie, the following nucleoside-5 * - 
^ hydrogen phosphonates were prepared & 

20^^ l-(2 » 3-Dideoxy-2 , 3-didehydro-5 ' -0-hydrogen- 

phosphonyl-S-D*alxSfi£SL^pentofUrano8yl) 
cytosine, 

1- (2 , 3-Oideoxy-2 , 3-didehydro-5 ' -0-hydrogen- 
PhoSPhonvl-B-D- alvcero- pentofuranQsyl ) 
25 thymine, 

l-(2 , 3-Dideoxy-2 , 3-didehydro-5 » -0-hydrogen- 
Phosphonvl-B-D- alvcerQ -pentofuranoayl ) 
uracil, 

l-(2 , 3-Anhydro-5 • -0-hydrogenphosphonyl-B-D- 
30 lyxofuranosyl) cytosine, 

1- (2 , 3-Anhydro-5*-0-hydrogenphosphonyl-fi-D- 

lyxofuranosyl) thymine, and 
1- (2 , 3-Anhydro-5 • -0-hydrogenphosphonyl-B-D- 

lyxofuranosyl) uracil. 
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Table 1 lists the reaction conditions, yields and 
chromatogaphic and UV characteristics for some 
representative nucleoside-5 * -hydrogen-phosphonates . 

Table 3 lists the NHR parameters for some representative 
5 nucleoside-5 ' -hydrogenphosphonates . 

Table 5 lists the ^^p ^j^ta for some representative 

nucleoside-5 ' -phosphonates 

10 Example 3 

To a solution of l-(2,3 dideoxy-B-D-gl2ffiSES-pentofuranosyl) 
cytosine (43 mg, 0.2 nmol) in trimethylphosphate (2.0 mL) 
are added at 0 "'C successively dichloromethylphosphoryl 
^15 r P'^i;^® 0»6 mmol) and l,2,4^tetra26l.^ (20 mg) <, The 

;,:^.|v;;^;,ra|;i,^t^^ is-jstirred. jat ; 0 . •C;'...for.. .1^. hour, 'and ..then. .room;. 
|: . temperat^ 4 hours. The mixture is cooled to 0 'C, and 

the reaction is quenched by addition of triethylamine (0.2 
mL) and water (0.2 mL) . The mixtrue is stirred for 2 hours 
20 at 4 'C, and then is concentrated in vacuo. l-(2,3-dideoxy- 
5-0-methvlphosphonvl-fi-D-alvcerQ-penfcQfuran6gyi) cytosine is 
isolated by preparative layer chromatography on a silica gel 
plate as Example 1 (29 mg, 42% yield, as a colorless foam) . 

25 By following the same procedure but using the corresponding 
nucleosides instead of 1- (2 * . 3 » -dideoxv-B-D -olveero- 
pentofuranosyl) cytosine, the following nucleoside-5 * - 
methylphosphonates are prepared: 

1- (2 , 3-Dideoxy-5 • -0-methvlPhosphonvl-B-D -alvcerQ- 
30 pentofuranosyl) cytosine, 

1- (2 , 3-Dideoxy-5 • -0-methvlphosi^onvl-B-D -alvcero- 

pentofuranosyl) thymine, 
1- ( 2 , 3-Dideoxy-5 • -O-methvlPhosphonvl-B-D -alyeero- 
pentofuranosyl) uracil, 
35 1- (2 , 3-Dideoxy-5 • -O-methylphosphonyl-B-D- 
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lyxof ufanosyl ) -5^f luorouracil , 
1- ( 3-Azido-2 f 3-dideoxy-5 ' -O«methylphosphonyl-B-D- 

erythro -pentofuranosyl ) thymine , 
1- (3-A2ido-2 , 3-dideoxy5 » -0-methylphosphonyl-fl-D- 
ervthro '-pentofuranosyl ) uracil , 
5 1- ( 3-Azido-2 9 3-dideo3V-5 • -O-methylphosphonyl-B'-D- 

ervthro -pentofuranosyl ) cytosine , 
1- (2 , 3-Dideoxy-3-f luoro-5 • -0-methylphosphonyl-fl- 

ervthro- pentof iiranosvl \ thymine, 
1- (2 , 3-Dideoxy-3-f luoro-5 • -0-methylphosphonyl-fl- 
10 D- ervthro -pentofuranoavl \ uracil, 

I'' ( 2 , 3-Dldeoxy-3-f luoro-5 * ->0-methylphosphonyl-B- 
D- ervthro- piantQf uranesyl \ cytosine, 
1- ( 2 , 3 -Dldeoxy-3 -f luoro-5 ' -O-methylphosphonyl-B- 
£ D- i^lu:ssrpento£uran9syl) thymine, 

tS * ''/^'"'-^c:'- i'^t2^ 3-^Dld€5di3Ky-3?*flubr©*^S »^ 
^|-^..<.- V.' '■ ' ■ ifiiga-^'jjientbfuranossy^ 

' • : "'i-(2',3-Dtde6jqf-3-flubTO-l5'*-0-meiAyl^ 
D- - £2l£&&~pentofurano8yl) cytosine, 
a; l-(3-Azldo-2,3-dldeoxy-2-fluoro-5**0-methyl- 
20 - phosphonyl-fi-D-arablnofiiranosyl) thymine, 

1- (3-Azldo-2 , 3-dldeoxy-2-f luoro-5 • -0-methyl- 

phosphonyl-B-D-arablnofuranosyl) uracil, 
1- (3-Azldo-2 , 3 -dldeoxy-2-f luoro-5 • -0-methyl- 
phosphonyl-B-D-arablnof uranosyl) cytosine , 
25 and 

1- (3-Azldo-2 , 3-dldeojcy-2-£luoro-5 • -0-methyl- 
' phosphonyl-B-D-arablnof uranosyl) -5- 
fluorouracll. 

30 

To a solution of l-(2,3-anhydro-B'-D-lyxopentofuranosyl) 
cytosine (45 mg, 0.2 nmol) In trlmethylphosphate (l.OmL) are 
35 added at 0*C successively dlchloromethyl phosphoryl oxide 
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10 



15 



20 



(80 ng, 0.6 mol) and l,2,4-tetra2ole (20 mg) . The mixture 
is stirred at O 'C for l hour and then at room temperature 
for 14 hours. The mixture is cooled to 0 -c, and the 
reaction is quenched by addition of triethylamine (0.2 mL) 
and water (0.2 mL) . The mixture is stirred for 2 hours at 
4 -C, and then is concentrated in vacuo. l-(2,3-Anhydro-5- 
0-nethylphosphonyI-fl-D-lyxofuranosyl) cytosine is isolated 
by preparative layer chromatography on a silica gel plate as 
Example 1 (28 mg, 46% yield, as a colorless foam) . 

By following the same procedure but using the corresponding 
nucleosides instead of 1- ( 2 , 3-anhydro-B-D- 
lyxopentofuranosyl) cytosine, the following nucleoside-5'- 
methylphosphonates are prepared: 

1- (2 , 3-Dideoxy-2 , 3-didehydro-5 • -o-methyl- 

.. ■ cytosine,. . :. V-^u ^' ?'.- ., y.: '. ; 

. r y . 1- (.2 r 3«-Dideoxy-2 , 3-dideliydro-5 • -o-methyl- 

f P^<=>sP**onyl-fi-D-alXffiS£a-pentofuranbsyl) 
I thymine. 



25 



1- ( 2 , 3-Dideoxy-2 , 3-didehydro-5 • -o-methyl- 

phosphonyl-fl-D-aliS£Ea-pentof uranosyl ) 
uracil, 

1- ( 2 , 3-Anhydro-5 • -O-methylphosphonyl^B-D- 

lyxofuranosyl) cytosine, 
1- (2 , 3-Aiihydro-5 ' -O-methylphbsphonyl-fl-D- 

lyxofuranosyl) thymine, and 
1- ( 2 , 3 -Anhydrb-5 • -O-methylphosphonyl-B-D- 
lyxofuranosyl) uracil. 

30 Table 2 lists the reaction conditions, yields and 

chromatographic and OV characteristics of some of these 

nucleoside.5«-methyl-phosphonates that are synthesized by 
the above procedure. 



35 Table 4 lists the 



parameters for some of these 



wo 91/19727 PCT/US91/04362 

-25- 

nucleoside-5 • -methylphosphonates . 

5 
lb 




20 



25 



30 



35 



wo 91/19727 



26- 



PCr/US91/04362 




wo 91/19727 



-27- 



PCT/US91/04362 




wo 91/19727 



-28 



PCrAJS91/04362 



I 

06 



« 

(9 

e 
o 

I 

o 

5- 
I 

in 
. o 

18 
9 

I 

« 

*i 

u 
o 

CO 

e 
o 



1 

8 



a 

4i 
e 

s 

•H 
0 

a 



CM 



KU 

5e 



■ h • 

•Ha O 



l3 

K 

if 



>« 



o 


o 


o 


o o 


• 


• 


• 


• • 
















• <M 


n 


n 




<^ n 


CI 


CM 


w 


M CI 


H 


so 


o 




^0 


so 




so 


Ci 


CM 


Ci 


CI Ci 


O 


o 


CI 


o 




in 


in 




• 


• 


• 




o 


o 


o 


o 






so 


<n 




in 


in 




• 


• 


• 


• 


o 


o 


o 


o 




lO 


c* 






• 




so 






o 


so 






CO 












M 


O 


o 


IN 


lA 


CI 


in 


CM 


• 




• 


• 


o 










s 


8 


aw 




SB 


S 


fill 










s 




B 


s 










' o 


O 




o 



o 


o 


o 


• 


• 


• 




c* 








in 


n 




<n 


<M 




% V 


SO 


in 


in 


SO 




so 


Ci 


Ci 


CM 


in 




lA 




m 




n 






o 


o 


d 


in 


in 




CO 


so 




• 


• 


• • 


o 


o 


o 


CO 




CD 


1^ 


lA 


m 


CM 


cd' 


o 



X z 



wo 91/19727 



29- 



PCr/US91/04362 




wo 91/19727 



30 



PCr/US91/04362 



R « Ne) 


1 

s 

3r 
in 


.89d 6.79d 
0.4) (637.7 
.87d 6.29d 

7) (639.4) 
.87d 7. lid 
o> (637.5) 
.88d 6.80d 

8) (639.7) 
.74d 6.80d 
1) (636.3) 

6.73d 
(637.5) 

6.71d 
(629.8) 




6.48d 
(638.3) 

6.74d 
(637.7) 


M 
















ites 


^0 
1 


m 

CO 

• 


Q 

• 


73 

i2 • ^ 

• in • • «H , 






•0 


0) 
CO 


lona 


SB 








«o • 1^ 










































fiosp 


ID 






•0 






•o 
m 




1 






V le 






• 


yipi 








• 

in 


• 

«o 




• 


















■ 




0) 

fi 

1 

m 

in 


in 

mm 


m 

in 
o 
• 


■ 

• 


t A O 1 

4.06m 
4.02m 


B 

a% 

• 


1 

OS 


1/% 
• 

1 

• 


m 3.62q 
(6.55) 




















1 


§ 


fi 






M. 






as 




o 4^ a ■ 








• 


si 




lO 


C9 O ^ lO 

4 « • • » 




o ^ • " 








as 






(n in CO ^ 


• 




• *• 


• 


5 












C 






e 












•H 






>« 


















n 












01 














4i in 43 _ tS 




V 

it 


B 

in 


r> ^ 










"S 


« 


• 










H ^ . 10 «^ . 


c 










■ 

■ o 
10 

1 


o 


1 




for 


s 






Ui 

01 


o 

• 


n ^ 






•0 


r^^fi CM ■ 




0 




• 


m 




^ W ^ CM to 1 f«» 




«C 


■ 












* « • m n p4 


a 


CO 


1 


§ 




• 


• iO • ^ • • » 




c 




in 




M 

s 






o 


• 


• 














I 






? 




• 




o 


m 






mental co 


9B 
mm 


e 


• 

« ^« ^» 


1 

m 

u 


B 

o 

^«« . 




















l4 












o 






01 


















Exp 








B S S 8 


s 


cn 

w 






• 




8 




Z ftt 8 8 


B 


« 






n 












« 






« 


> 


i 


£ 


S £ 2 

X X S 8 


B 




8 




1! 




o . 


o 


o o o o 


1 


B 


B~ 
B 


o 



wo 91/19727 



31 



PCr/US91/04362 



I 

01 



flu 




1 

s 


s 








OS 


CI 




z 


H 
M 




M 








O 


i 


Q 


S 






C 




•H 




tt 




Q) 


m 


4^ 


1 


<0 


X 


c 




A 
W 












(0 


S ' 


2 


m 






& 


• 








X 


0 ' 

ij 


• 


4 ■ 














. s 






g 




0 




%4 




tt 








V 






m 








S 










« 




fit 






CI 




B 






II HI 


• 








8 


- r 



























in 
« 



o 



wOO 



■ 

i 



■ 

o 



01 

in 



o 



s 
e 



^ H 
H • 
• H 



in 

^ "O ^ 

\o tn 



2^ 

M CD • 

M o 



01 

re 



CM 



o 











9 








8 

w 










• 


• 






Q) 


• 


«r} 


w 


M 




A 
W 






Oi 

■M 


III 




Lj 
M 






10 






10 




JJ 










10 


MM 


Mi 


HI 


Mi 














o 






■ c 


ft' 




A 






4i 




Mi 






5 






0 




a 

A 


J5 


















M 


Li 
M 


















• 








lO 






M 




B 


i. 






C 


8: 


«H 


e 


tt 


m4' 










S 






<H 


m 


•H 


c 


A 






8 








t 


O 




•H 




a 


a 


Che 


Cou 



1 



B 



CM 



CO 
CO 

10 



3 



wo 91/19727 



32 



PCr/US91/04362 



0) 

s- 

n 

06 



o 



in 



I 

a 



in 
s 



in 



S 



in 

^ CI 



•O W Tl HI 
en \o cy^ ^ 



in «o 



CO r4 

in ^ 

00 ^ 



■ 

I 



CM 
O 



^ in ta 
H • n 



«0 CD 

H in 
0^ 



CO • 

• eo 
in w 



in 

I M I 

• eo • 



00 • CM 

in o M 



CO r% 
o 

• • 



in 
o 



■ 

in 



S 



X 

0 
s 

o 



H in 10 • r» 
CM • cn iM W 

• O • • CM 

^•'^-'ri^CM • 



10) 
X 
M 

Ot • 00 • ^ fig 
• ^ • H • CM 



00 M 



■ 



t 

in 



a 

€M 




■ 


■ 


(M 


CM 




f-« 


O 


O 




• 


• 


• 


• 




in 


in 


in 



■ 

CM 
H 



CM 

in 



00 ^ 
00 • 
• in 



■ 

00 



in o 
• ^ 

m 

00 









■ 






n 


n 


O cn 




m 


00 • 


• 


• 


• M» 


CM 




CM w 



CM 00 

" I 



<0 

c 

I 

a ^ 

0 

a 

5 

■ 

I 

m 

(A 

t4 
O 



a 

u 

s 
i 
s 



**t**> «%4J ^ 

H • e e» n « ri «4 N w 

HH* alA .v^ .m 
• H. aCO v^O (^e • 

<o «->«e w«o w«o 



s 

B 

S 
O 



o 



a: 



0 
X 



5 in TJ tJ m 

^ « ^ CM • 
^ ^ iH <M \0 



00 so 



c\ in 91 o o o 
• m ^ <n • 

• CO • H • 00 



« in o <n o 
^ • • in • 

• CO iH • 00 



if ■ 

00 « H 
00 O IP 

^c»^ 



a 

0^ 



a 

CO 
91 



4i ^ 

H in 



a 

00 



a 

00 

a% 



a 

o 
in 



in 



no • 
o • o 
• in H 
•n w« w« 

n m 
in 00 



01 
10 



01 
10 



in 



a 

H 
CO 
• 

10 



2 

o 



wo 91/19727 .33. PCr/US91/04362 



wo 91/19727 



PCr/US91/04362 



-34- 



a 

G 
« 

a 
e 

o <-« 



§• 

8 



41 



a 

I 
I 

o 

I 

a 

4J 



in 
o 



• CM 
CM t 
CM W 
^ O 
n 



CM 



in 



in 
o 
n 



^ ^ 

cn in n 
« in « 



in CM 
« so 



^0 «-» 

^ CO 

H O 

CM CM 



as vo 

CM 9-1 



lo cn 



in CO 
so H 

in 01 



^ ^ cn m 

•H ^ ^ in CM 

^ ^ in ^ 

CM 



s 

CM ^0 



CM 



CM 



8. SBSaSSB 



a s fri b« aT fti 



0 01 0 0m 

X 8 X S S X Z 



S0 0 
8 8 8 X X 



8 8 O O 



o o 



wo 91/19727 



35 



PCT/US91/04362 



Example 5 

Anti-HIV-l Assay . Anti-HIV-1 activities of the compounds 
were tested in MT4 cells. The cells were infected with HIV- 
1 at 200 TCID50 viruses per 10* cells. After an absorption 
.5 period of one hour at 37 "C unabsorbed viruses were removed 
by washing with fresh medium without fetal calf serum. The 
cells were suspended in fresh medium and distributed into 
12-well microculture plates (10* cells 5/3ml/well) . Then, 
various concentrations of test confounds were added. The 
10 cell cultures were incubated at 37* in a humidified 
atmosphere of 5% C02 HIV-I P24 core antigen and RT activity 
in the supematants of the test cell cultures were detected 
on day-4 . Anti-HIV-1 effects of compounds were evaluated by 
^ the inhibitory concentration was calculated by the median- 
ts effect .plot using a computer socfti^are I ' ^ 

'''»■-•; " * ' ' : , • 

*''••'.'. • . ' '* 

Cytotoxieitv Assay. The Cytotoxicity of the compounds was 
: determined in MT4 cells in 96-well microplates by XTT- 
microculture tetrazolium assay. 

20 

Table 7 lists the Anti-Hiv-l effect and cytotoxicity of 
hydrogen-phosphates of pyrimidine nucleosides in MT4 cells. 

Table 8 lists the Anti-Hiv-l effect and cytotoxicity of 
25 hydrogen-phosphates of pyrimidine nucleosides in HT4 cells. 

Table 9 lists the Anti-Hiv-l Activity of AZT-RP, FLT-HP and 
ddt-HP based on Reversetranscriptase assay on day-4 in MT4 
cells. 

30 

Table 10 lists the Dose-Effect relationships of inhibiting 
HIV-l replication in MT4 cells. 
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EXPERIMEWTAT. DISCOSSTQW 

Representative compounds are tested for their inhibitory 
5 effects against human inm\inodef iciency virus in H-9 cells 
using 3 ' -az ido-3 • -deoxythymidine , 3 ' -deoxy-3 • f luorothymidine 
and 2' ,3'-dideoxy-cytidine as standards. The results are 
summarized in Table 6. l-(2,3-Dideoxy-5-0- 
[hydrogenphosphonyl ] -fl-D-fijaJaiEa-pentof uranosyl ) uracil and 
10 1- ( 2 , 3-dideoxy-2 , 3-didehydro-5-b- [hydrogen-phosphonyl ] -6-D- 
qlYff gr9-pentof uranosyl ) thymine and inhibit replication of 
HIV at 10 micromolar concentration. Even at 1.0 micromolar 
concentration, these compounds inhibit HIV replication to a 
> significant extent. The cytotpxiqity of these compounds 
15.; against uninfected cells ; is mijich jless than that Hii^: 
■ r. s^;: J nucleoside used--" for 

I 'Eh© inventors have found that several confounds were found 
to be potent and selective inhibitors of Hiv-l replication. 

20 Among all of the active compounds, AZT-HP, FLT-HP and ddT-HP 
exhibited the most potent anti-HIV-l activity. AZT-HP gave 
EC50 (50% antiviral effective concentration) of 0.072 /dl and 
IC50 (50% inhibitory concentration of cell growth) of 2,500 
MM. A selectively index of 34,700 was achieved, flt-hp 

25 showed EC50 of 0.135 iM and IC50 of >5,000 tM. Its 
selectively index was >37,000. The EC50 and IC50 of ddT-HP 
were 0.084 ;iH and 3410 MM, respectively, with a selectivity 
index of 40,000. As control compounds, AZT, FLT and ddT 
gave their ED50, IC50 and selectively index as following: 

30 AZT, 0.005 MM, 154 mN and 30,800; FLT, 0.004 fiK, 190 and 
47,500; and ddT 1.88 mM and >5,000 mM and >2,660. Although 
AZT-HP and FLT-HP shows lower anti-HIV-1 activity than that 
of AZT and FLT, their selectivity indices were close to 
that of AZT and FLT. Their selectivity indices were close to 

35 that of AZT and FLT because of their low cytotoxicity. Anti- 
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viral activity of ddT-HP was more than 20-folds higher than 
ddT and it still shows low cytotoxicity. Thus ddT-HP gives 
a good selectivity index. 
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What is claimed is: 



1. A compound having the structure: 



10 



15 



X 



wherein R is ? iT^ or 



t 

i 9^ is hydrogen, halogen> an azido, an^ anliSG o? an 

alkyl group of one to four carbons, 
r2 is hydrogen, halogen, an azido, an amino or an 
alkyl group of one to four carbons, 
20.x ^ is hydrogen or an alkyl group of one to four 

carbons, 

X is a hydroxy, a thiol, or an amino group, 
Y is hydrogen, a halogen or an alkyl group of one 
to four carbons, and 
25 Z is a hydrogen, a hydroxy, or an amino. group. 



30 
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2. A compound having the structure: 



IZ 



10 



N 



wherein R is 



. . ... 

15 is hydrogen or an alley 1 group of one to four 

V ' X is a: hydroxy, a thiol, or an amino group, 

y is hydrogen, a halogen or an alkyl group of 
one to four carbons, and 
20 - Z is a hydrogen, a hydroxy, or an amino group. 
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3* A compound having the structure: 



ZXI 

10 X X 



wherein R is q ^ y ^ or 

^5 v r . - hy«3h?og®rjiL.or;?iEm group of one to four ' 

/ ..:• •■"•■• ■ ■ 3arb6ns» •' • 

: 3^ • X i» a: hydroxy, a thiol, or ah amino group, 

I ^ ^® hydrogen, a halogen or an all^l group of one 

to four carbons, and 
Z is a hydrogen, a hydroxy, or an amino group. 

A compound of claim 1, 2 or 3 wherein R is: 

X 



20 



25 



wherein X is a hydroxy, a thiol, or an amino 

qroap, 

Y is hydrogen, halogen or an alkyl 
30 group of one to four carbons. 
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A compound having the structure: 



X 




X is a hydroxy, a thiol, or an 8mino group, 
% is hydrog^f a b^alogen or an allQ^l group i^of pj^e 
to four cjetrbons, c. . 

is hydrogen, halogen, an azidp, an amino or an 

alJq^l group of one to four carbons, 
is hydrogen, halogen, an azido, an amino or an 
allqfl group of one to four carbons, and 
R is hydrogen or an alkyl group of one to four 
carbons. 

A compound having the structure: 



X 
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X is a hydroxy, a thiol, or an amino group, 

Y is hydrogen, a halogen or an alkyl group of one 

to four carbons, 
is hydrogen, halogen, an azido, an amino or an 

alkyl group of one to four carbons, 

2 * 

R is hydrogen, halogen, an azido, an amino or an 
alkyl group of one to four carbons, and 

R is hydrogen or an alkyl group of one to four 
carbons. 

A compound having the structure: 




X is a hydroacy, a thiol, or an amino group, 

Y is hydrogen, a halogen or an alkyl group of one 

to four carbons, 
R' is hydrogen, halogen, an azido, an amino or an 

alkyl group of one to four carbons, 
R^ is hydrogen, halogen, an azido, an amino or an 

alkyl group of one to four carbons, and 
R is hydrogen or an allgrl group of one to four 

carbons. 
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A compound of claim 4 selected from the group 
consisting of: 

1- (2 , 3-Dideoxy-5 » -0-hydrogenphosphonyl-B-D- 

alvcero -pentofuranosyl ) cytos ine , 
1- (2 , 3-Dideoxy-5 • -O-hydrogenphosphonyl-6-D- 

alvcero -pentof uranosy 1 ) thymine, 
1- (2 , 3-Dideoxy-5 • -0-hydrogenphosphonyl-B-D- 

alvcero -pentof uranosyl ) uracil, 
1- (2 , 3-Dideoxy-5 *^-0-hydrogenphosphonyl-fi-D- 

lyxofuranosyl) -5-f luorouracil , 
1- (2 , 3-Anhydro-5 * -0-hydrogenphosphonyl-fi-D- 

lyxofuranosyl) -5-f luorouracil, 
1- ( 3-Azido-2 , 3-dldeoac|f-5» -O-^hydrbgenphosphdnyl-B^. 

D- erythre- ptentof uranosyl ^ thymine ; 
1- ( 3-Azido-2 , 3-dideoxy-5 * -O-hydrbgenphosphmiyl-6- 

D -ervthrQ- pentofuranQsyl ) uracil , 

1- ( 3-Azido-2 , 3-dideoxy-5 • -O-hydrdgenphosphonyl-B- 

D -erythro -pentof uranoayl ) cytosine, 
1- (2 , 3-Dideo:Qr-3-f luoro-5 * -0-hydrogenphosphonyl- 
B- D -ervthro- pentofuranosvl \ thymine, 
1- (2 , 3-Dideoxy-3-f luoro-5 ' -0-hydrogenphosphonyl- 
B- D -ervthre -pentof uranoayl \ uracil, 
1- (2 , 3 -Dideoxy-3-f luoro-5 ■ -0-hydrogenphosphonyl- 
B- D -ervthro -pentofuranosvl V cytosine, 
1- (2 , 3-Dideoxy-2-f luoro-5 * -0-hydrogenphosphonyl- 
B- D -threo- pentof uranoavl > thymine, 
1- (2 , 3-Dideoxy-2-f luoro-5 • -O-hydrogenphosphonyl- 
B- D-^tuzeSfPontofuranosyl) uracil, 
1- (2 , 3 -Dideoxy-2-f luoro-5 • -0-hydrogenphosphonyl- 
B- D- threo -pentof iiranosvl ) cytosine. 
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1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -0- 

hydrogenphosphonyl-fl-D-arabinofuranosyl) 
thymine, 

1- (3-Azido-2 , 3 -dideoxy-2-f luoro-5 » -0- 

hydrogenphosphonyl-fl-D-arabinofuranosyl) 
uracil, 

1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -0- 

hydrogenphosphonyl-6-D-arabinofuranosyl) 
cytosine, and 

1- (3-A2ido-2 , 3-dideoxy-2-f luoro-5 ' -0- 

hydrogenphosphonyl-B-D-arabinof uranosyl ) -5- 
fluorouracil. 

^ , cjpmp^t^d of" ^ 4 selected f roa tfee g^eoup 
consisting of:, 

1- ( 2 , 3 -Dideoxy-2 , 3-didehydro-5 • -0-hydrogen- 

phosphonyl-B-D-alXfflflta-pentof uranosyl) 
cytosine, 

1- (2 , 3-Dideoxy-2 , 3-didehydro-5 • -0-hydrogen- 

phosphonyl-B-D-alxssj:a-pentof uranosyl) 
thymine, 

1- (2 , 3-Dideoxy-2 , 3-didehydro-5 • -0-hydrogen- 

phosphonyl-B-D-alYsara-pentof uranosyl) 
uracil, 

1- (2 , 3-Anhydro-5 • *0-hydrogenphosphonyl-fi-D- 

lyxof uranosyl) cytosine, 
1- (2 , 3-Anhydro-5 • -0-hydrogenphosphonyl-B-D- 

lyxofuranosyl) thymine, and 
1" (2 # 3-Anhydr6-5 • -0-hydrogenphosphonyi-B-D- 

lyxofuranosyl) uracil. 
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A compound of claim 4 selected from the group 
consisting of: 

1- (2 , 3-Dideoxy-5 • -0-methylphosphonyl-B-D-glxcgE2- 

pentofuranosyl) cytosine, 
1- (2 , 3-Dideoxy-5 • -0-methvlDhosphonvl-fl-D -alvcero- 

pentof uremosyl ) thymine , 
1- (2 , 3-Dideoxy-5 • -O-methvlPhosphonvl-B-D -alvcero- 

pentofuranosyl) uracil, 
1- (2 , 3<-Dideoxy-5 • ^0-methylphosphonyl-B-D- 

lyxof uranosyl ) -5-f luorouracil , 
1- ( 3 -Az ido-2 , 3 -dideoxy-5 ' -0-methy Iphosphony 1-fi-D- 

ervthro- pentof uranesyl > thymine, 
, 1- (3-Azido-2 ,.3-dideoxy-5 • -O-^thylphpsphonyl-B-Drr. 

Ir (3-Azido-2 , 3-dldeoxy-5 <-0<^thyiphbs]phohyl-B-D- 

ervthro- pentofuranosYl) cytosine, 
1- (2 , 3-Oideoxy-3-f luoro-5 ' -O-methylphosphonyl-6- 
D- ervthro- pentof uranosyl ) thymine, 
1- (2 , 3-Dideo9^-3-f luoro-5 • -0-methylphosphonyl-fi- 
D- ervthro- pentof uranosyl \ uracil, 
1- (2 , 3-Dideoxy-3-f luoro-5 * -0-methylphosphonyl-B- 
D- ervthro -pentof uranosvl 1 cytosine, 
1- (2 , 3 -Dideoxy-3-f luoro-5 ' -O-methylphosphonyl-d- 
D- ^iES2-pentof uranosyl) thymine, 
1- (2 , 3-Dideo3^-3-f luoro-5 • -O-methylphosphonyl-fi- 

0- ^lESfi-pentofuranosyl) uracil, 

1- (2 , 3-Dideoav-3-f luoro-5 ■ -0-methylphosphonyl-B- 
D- £[u:s2*pentof uranosyl) crj^osine, 

1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -0-methyl- 
phosphonyl-B-D-areibinof uranosyl ) thymine , 
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1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -O-methyl"- 
phosphonyl-fi-D-arabinof uranosyl ) uracil , 

l-(3-Azido-2,3-dideoxy-2-fluoro-5 '-0-methyl- 
phosphonyl-B-D-ar2a>inof uranosyl ) cytosine , 
and 

1- (3-Azido-2 , 3-dideoxy-2-f luoro-5 • -0-methyl- 

phosphonyl-6-D-arabinof uranosyl) -5- 
fluorouracil. 

A compound of claim 4 selected from group 
consisting of: 

1- (2 , 3 -Dideoxy-2 , 3-didehydro-5 • -0-methyl- 

• : ■ P^l^f JS)hQnylTJ6-D'-qlyce^Q-pen<^»f »y««»«y1 y 

1- f.2.,,^-Di,deoxy-,2 ^ S-didehydro-S « -0-methyl^ 

phosphonyl-fl-D-alXS2aEa-pent6furanosyl) 
thymine, 

1- (2 , 3-Dideoxy-2 , 3-didehydro-5 » -0-methyl- 

phosphonyl-B-D-al£££C£-pentof uranosyl) 
uracil, 

1- ( 2 , 3 -Anhydro-5 • -0-methylphosphonyl-B-D- 

lyxof uranosyl) cytosine, 
1- ( 2 , 3-Anhydro-5 • -0-methylphosphonyl-B-D- 

lyxofuranosyl) thymine, and 
1" (2 , 3-Anhydro-5 • -0-methylphosphonyl-B-D- 

lyxof uremosyl) uracil. 
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A pharmaceutical composition which comprises a 
pharmaceutically effective amount of a compound 
of claims l, 2, 3, 4, 5, 6 or 7 or 
pharmaceutically acceptable metal salt therof and 
a pharmaceutically acceptable carrier. 

A method of treating a viral infection?, which 
comprises contacting the viral infection with an 
amount of the compound of claims 1, 2, 3, A, 5, 
6, or 7 effective to suppress viral replication. 

^ . . . 

-. A, method .o£ claim 3.3 » wherein the, infection 
caused by human immunodeficiency: virus. ■ . 

A method of claim 13, wherein the viral infection 
is caused by heptitis virus. 

A method of claim 13, wherein the viral infection 
is caused by cytomegalo virus. 

A method of treating a subject afflicted with a 
viral infection which coaiprises administering to 
the subject an amount of the composition of claim 
9 to. effective suppress viral replication. 

A method of claim 17, wherein the subject is a 
domestic animal. 
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A method of claim 17, wherein the subject is a i 
human being. 
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